Abscisic acid (ABA) auxins, cytokinins, gibberellic acid, alone or in combination were tested for their effects on short-term sucrose uptake in sugar beet (Beta uldgaris cv roots. The effect of ABA on active sucrose uptake varied from no effect to the more generally observed 1.4-to 3.0-fold stimulation. A racemic mixture of ABA and its tans isomer were more stimulatory than ABA alone. Pretreating and/or simultaneously treating the tissue with K' or IAA prevented the ABA response while cytokinins and gibberellic acid did not. While the variable sensitivities of beet root to ABA may somehow be related to the auxin and alkali cation status of the tissue, tissue sensitivity to ABA was not correlated with ABA uptake, accumulation, or metabolic patterns. In contrast to ABA, indoleacetic acid (IAA) and other auxins strngly inhibited active sucrose uptake in beet roots. Cytokinins enhanced the auxin-induced inhibition of sucrose uptake but ABA and gibberellic acid did not modify or counteract the auxin effect. T,us*-zeatin, benzyladenine, kinetin, and gibberellins had no effect on active sucrose uptake. None of the hormones or hormone mixtures tested had any significant effect on passive sucrose uptake. The effects of IAA and ABA on sucrose uptake were detectable within 1 h suggestinga rather close relationship between the physiologial activities of IAA and ABA and the opertion of the active transport system.
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Phytohormones play an important role in the transport and allocation of photosynthates (see references 7, 13, 17, and references therein). While the mechanism for this so-called hormonedirected transport remains obscure, the effects ofphytohormones on photosynthate transport have tentatively been dissociated from hormone-induced growth (15) , senescence-delaying and transpirational effects (16 and references therein). Additionally, hormone-directed photosynthate transport studies have been conducted over time periods where the hormonal effect on transport is greater than the hormonal influences on growth, respiration, senescence, and/or other possible rate-limiting physiological processes. Relying on the differential effects of phytohormones on photosynthate transport and other physiological, rate-limiting processes, it has been suggested that phytohormones may directly affect phloem loading (9, 10, 25) , translocation (9, 14 , and references therein), and sugar uptake by sink tissues (8, 12, 15, 23) . All tohormones can have additive, synergistic, or inhibitory effects (7 and references therein). The available evidence implicating hormone-directed transport is still tentative due to the multitude of hormonal effects in plant tissue, but is nevertheless sufficient to justify further research.
In sugar beet, large quantities of photosynthate (sucrose) are translocated and stored in the vacuole of parenchymal cells in the root sink without hydrolysis (26) . In this paper, we report the effects of auxins, ABA, gibberellins, cytokinins, and their interactions on short-term membrane transport of sucrose into root discs of sugar beet.
MATERIALS AND METHODS Preparation of Plants. Seeds of Beta vulgaris L. (sugar beet) cv USH-20 were obtained from Dr. Gerald Coe, USDA sugar beet breeder, Beltsville, Maryland. Cultivar USH-20 were grown both in the field and in the greenhouse as previously described (18) . Individual plants between 3 and 7 months old were harvested on the morning experiments were conducted. While sucrose uptake patterns were similar in the root sink tissue of greenhouse and field-grown sugar beets, active sucrose uptake rates were generally higher and less responsive to ABA and auxins in field-grown beets than in greenhouse-grown beets. Root tissue discs were prepared and then equilibrated in sorbitol solutions of appropriate osmolality for 90 min as previously described (18) .
Sucrose Uptake Measurements. The procedure for measuring sucrose uptake rates was essentially the same as that previously described (18) . Sets of 30 osmotically equilibrated discs were incubated for 4 h at room temperature and 3 ml of an aerated sucrose solution (40 mm sucrose, sufficient sorbitol to maintain osmolality of sucrose solutions uniform at 0.26 molal and 10 milliosmolal MOPS2 adjusted to pH 6.5 with 1.0 M KOH) either with or without 5 gM CCCP. The specific radioactivity of the solutions was 23 nCi/4mol provided through appropriate dilution of uniformly labeled ['4C]sucrose (6.7 ,Ci/,umol). The specific radioactivity did not significantly change during the incubation period. At the end ofthe incubation, each set ofdiscs was washed five times for 2 min each in 10 ml of 250 mm sorbitol to remove labeled sucrose from the cut cells at the surface and over 90% of the sucrose in the free space of the cell wall. Each set of discs was then prepared for liquid scintillation counting as previously described ( 19 (19) . Since sucrose metabolism was relatively low in this tissue system, sucrose metabolism per se, as well as hormonal and CCCP-induced changes in sucrose metabolism, probably did not significantly interfere with the uptake kinetics. However, the rates given for sucrose uptake, particularly active sucrose uptake into the vacuole (19) , must be considered relative until the influence of internal sucrose on the specific activity of sucrose at the site for uptake into the vacuole is established. sugars.
In sugar beet root discs concentrations of IAA above 10-8 M inhibited active sucrose uptake in a typical log dose-linear response manner but had no significant effect on passive sucrose uptake (Fig. 1) . The lack of an IAA effect on passive sucrose transport indicates that IAA was not having a deleterious physical effect on membrane integrity. [3HJIAA is rapidly taken into sugar beet tissue and the uptake rate was linear with IAA concentration (Fig. 1, inset) (10, 22) and sucrose transport through stem tissue (14) . While the cause for the opposing effects of auxins on sucrose transport in various shoot tissues versus sugar beet root tissue is not understood, it is interesting to note that present evidence supports a proton/sucrose co-transport mechanism in shoot tissues (2) and a proton/sucrose antiport system in sugar beet root tissue (19 (Fig. 3) . The lack of an ABA effect on passive sucrose uptake indicates that ABA, like IAA, was not having a deleterious physical effect on membrane integrity. The optimal ABA con- sucrose uptake may explain both the observed correlation between dry matter accumulation and endogenous ABA level in the sink region of a number of other angiosperms (6, 23, and references therein) and the ABA-enhanced assimilate transport to sink regions (6, 9, 23, and references therein).
Tissue Sensitivity to ABA; ABA Uptake, Accumulation, and Turnover. Experiments were conducted to better understand the erratic tissue response to ABA. Lowering the pH of the incubation solution from 6.5 to 6.0, a process which increases ABA uptake into the tissue (5), increased tissue sensitivity to ABA. However, increasing the external ABA concentration to 10-3 M, a process which also increases ABA uptake into the tissue (Fig.  3, inset) did not result in higher sucrose uptake rates. Apparently, lowering the external pH induces changes in cell physiology other than increasing ABA uptake which results in increased tissue sensitivity to ABA. ABA responsive and nonresponsive tissues exhibited similar rates of ABA uptake, indicating that tissue sensitivity to ABA is not related to the ABA uptake capacity of the tissue.
Despite the high uptake of ABA (Fig. 3, inset (Fig. 4) (Table III) . Cytokinins and GA had no effect on the ABA-enhanced sucrose uptake. Therefore, ABA may stimulate active sucrose uptake only in tissues having relatively low endogenous concentrations of auxins. High concentrations of endogenous ABA may also decrease tissue sensitivity to applied ABA. Tietz et al. (23) found that sucrose transport from flag leaves to ears in barley was stimulated by ABA applications to the ears, but only at growth stages in which endogenous ABA levels in the ears were relatively low. At present, the sensitivity of sugar beet root tissue to ABA appears to be a complex matter involving the alkali cation status, hormonal interactions within the tissue and probably other ratemodifying sucrose transport factors.
Cytokinin and Gibberellin Effects on Sucrose Uptake. Although not as intensively studied as ABA and auxins, a few reports (see references within 17) indicate that gibberellins and cytokinins directly influence photosynthate transport. Figure 5 shows that GA3 and trans-zeatin between 10-' and 10-5 M did not significantly affect active sucrose uptake. The slight inhibition by GA3 and trans-zeatin were consistently observed but never exceeded 20%. BA and a mixture of GA4 and GA7 also inhibited active sucrose uptake. None of these hormones had a consistent or significant effect on passive sucrose uptake. Cytokinins and gibberellins are generally reported to interact with auxins to affect photosynthate transport (see reference 17 for details). While cytokinins were found to enhance the auxin effect on sucrose transport, no interactions between gibberellins and IAA could be found. However, all of our studies are rather short term in nature and intended to reveal only relatively close associations between the physiological activities of the hormone and the membrane transport of sucrose. While gibberellins may not affect short-term membrane transport of sucrose, GA3 has been reported in long-term sucrose transport studies to stimulate hormone-directed photosynthate transport.
Concluding Comment. 
